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TEST-RETEST RELIABILITY OF BRAIN ACTIVATION USING THE FACE-
NAME PAIRED-ASSOCIATES FMRI TASK IN PATIENTS WITH 
SCHIZOPHRENIA AND HEALTHY CONTROLS 
CHELSEY N. LOUIS 
ABSTRACT 
 Schizophrenia is a neurological disorder associated with cognitive impairments, 
and clinical symptoms of hallucinations and delusions. Recent imaging and behavioral 
studies have repeatedly shown aberrant brain activity in the hippocampal regions in 
relation to episodic memory impairments associated with schizophrenia. These findings 
have warranted further research to elucidate the neural processes associated with episodic 
memory. Therefore, the current study examined activity in a priori brain regions 
associated with episodic memory using the face-name paired-associates fMRI task to 
determine whether there was reliable activation patterns observed in healthy subjects and 
patients with self-reported schizophrenia. This was evaluated by using ROI analysis and 
whole brain analysis to examine activity between subjects during a session, and by using 
Pearson’s R correlation coefficients to examine test-retest reliability over time. 30 
schizophrenic (SZ) patients and 31 healthy control (HC) volunteers underwent a series of 
assessments including the fMRI behavioral task, face-name paired-associates task. The 
tests were conducted twice with a 14-day interval for the subjects. The results indicated 
no reliable brain activation in the hippocampus between scanning sessions for either the 
SZ or HC groups.  However, distinct activation patterns were observed within sessions 
for both groups. These patterns were observed in the hippocampus, and regions of the 
	  	   vii	  
frontal lobe and occipital lobe. Future studies should further explore these brain activity 
patterns across sessions in SZ patients compared to HC subjects to determine whether 
these patterns are due to pathological mechanisms associated with schizophrenia. 
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INTRODUCTION Schizophrenia	  is	  a	  severe	  mental	  disorder	  characterized	  by	  structural	  changes	  in	  the	  brain	  and	  aberrant	  behaviors,	  altered	  emotions,	  and	  impaired	  cognitive	  functions	  (Swerdlow,	  2010).	  Specific	  cognitive	  impairments	  include	  deficits	  in	  verbal	  learning	  and	  memory,	  motor	  skills,	  working	  memory,	  attention,	  and	  executive	  functions	  (Swerdlow,	  2010).	  Understanding	  these	  cognitive	  functions	  that	  are	  associated	  with	  schizophrenia	  has	  been	  essential	  in	  developing	  treatments.	  As	  discussed	  in	  the	  review	  by	  Green	  and	  Harvey	  (2014),	  cognitive	  performance	  in	  patients	  with	  schizophrenia	  is	  the	  best	  predictor	  of	  the	  patient’s	  ability	  to	  function	  and	  participate	  in	  the	  society.	  However,	  the	  authors	  posed	  that	  there	  has	  been	  variable	  success	  for	  behavioral	  treatments	  and	  medications	  focused	  on	  improving	  these	  cognitive	  deficits.	  Therefore,	  finding	  a	  biomarker	  through	  genetics,	  biochemical	  molecules,	  and	  brain	  activity	  can	  provide	  additional	  information	  about	  the	  underlying	  biological	  processes	  of	  cognitive	  impairments	  associated	  with	  schizophrenia.	  Imaging	  with	  functional	  magnetic	  resonance	  imaging	  (fMRI)	  and	  positron	  emission	  topography	  (PET)	  has	  played	  a	  vital	  role	  in	  better	  understanding	  functional	  changes	  to	  different	  regions	  of	  the	  brain,	  which	  may	  not	  be	  seen	  in	  structural	  imaging	  (Woolley	  &	  McGuire,	  2005).	  fMRI	  in	  particular	  has	  been	  utilized	  to	  gain	  knowledge	  of	  disturbances	  to	  the	  neural	  networks	  that	  can	  be	  associated	  with	  impaired	  cognitive	  functions,	  including	  working	  memory,	  episodic	  memory,	  and	  executive	  functions	  (Gur	  &	  Gur,	  2010).	  The	  advantages	  of	  using	  fMRI	  over	  PET	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imaging	  includes	  having	  a	  higher	  spatial	  resolution,	  little	  to	  no	  ionizing	  radiation,	  good	  temporal	  resolution	  (2	  to	  16	  seconds),	  not	  having	  time	  restrictions	  based	  on	  the	  half	  lives	  of	  radioisotopes,	  and	  having	  the	  ability	  to	  directly	  correlate	  functional	  changes	  with	  the	  individual’s	  anatomical	  structures.	  Functional	  magnetic	  resonance	  imaging	  was	  a	  form	  of	  functional	  imaging,	  in	  which	  regional	  changes	  in	  the	  blood	  oxygenation	  level-­‐dependent	  (BOLD)	  signal	  is	  measured	  within	  a	  voxel.	  The	  theory	  behind	  this	  method	  is	  that	  oxygen	  is	  being	  used	  in	  areas	  of	  brain	  activity,	  thus	  the	  scanner	  can	  pick	  up	  the	  signals	  of	  oxygenated	  hemoglobin	  due	  to	  its’	  paramagnetic	  susceptibility	  properties.	  fMRI	  has	  the	  special	  ability	  to	  measure	  brain	  activity	  in	  cognitive	  tasks	  by	  measuring	  the	  BOLD	  signal	  following	  a	  stimulus	  presentation	  (2	  to	  16	  seconds	  after).	  Based	  on	  the	  BOLD	  signal	  theory,	  scientists	  were	  able	  to	  develop	  fMRI	  cognition	  tasks	  that	  were	  able	  test	  both	  the	  subject’s	  cognitive	  performance	  and	  brain	  activity	  fluctuations	  throughout	  the	  assessment.	  For	  instance,	  one	  review	  summarized	  that	  fMRI	  studies	  using	  memory	  and	  executive	  function	  tasks	  have	  shown	  different	  brain	  activation	  patterns	  between	  patients	  with	  schizophrenia	  and	  healthy	  subjects	  in	  the	  prefrontal	  cortices,	  ventromedial	  and	  superior	  temporal	  lobe,	  and	  limbic	  structures	  (Gur	  &	  Gur,	  2010).	  The	  authors	  inferred	  from	  the	  cognitive	  fMRI	  studies	  in	  SZ	  subjects	  that	  there	  was	  a	  hypoconnectivity	  in	  the	  frontotemporal	  circuits	  and	  hippocampus-­‐related	  networks	  based	  on	  reduced	  activation	  observed	  in	  these	  brain	  regions	  (Gur	  &	  Gur,	  2010).	  Neuroimaging	  studies	  of	  episodic	  memory,	  information	  that	  is	  embedded	  in	  contextual	  spatiotemporal	  information	  or	  in	  one’s	  past	  experience,	  has	  provided	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useful	  information	  about	  the	  neural	  correlates	  associated	  with	  encoding	  and	  retrieval	  (Tulving,	  2002).	  Functional	  imaging	  studies	  in	  healthy	  subject	  have	  suggested	  the	  roles	  of	  the	  hippocampus,	  perirhinal	  cortices,	  and	  parahippocampal	  gyral	  (including	  the	  entorhinal	  cortex)	  in	  the	  encoding	  of	  information	  (Rugg	  &	  Vilberg,	  2012;	  Yancey	  &	  Phelps,	  2001).	  On	  the	  other	  hand,	  regions	  of	  the	  medial	  temporal	  lobe,	  including	  the	  hippocampus	  and	  parahippocampal	  gyrus,	  as	  well	  as	  regions	  of	  the	  frontal	  lobe,	  fusiform,	  and	  parietal	  lobe	  were	  activated	  in	  the	  retrieval	  of	  episodic	  memories	  (Hayes,	  Ryan,	  Schnyer,	  &	  Nadel,	  2004;	  Rugg	  &	  Vilberg,	  2012).	  Some	  studies	  support	  hemispheric	  specialization	  differences	  in	  encoding	  and	  retrieval	  processes	  associated	  with	  episodic	  memory.	  For	  instance,	  a	  meta-­‐analysis	  of	  event-­‐related	  fMRI	  studies	  examining	  episodic	  memory	  showed	  that	  the	  left	  ventrolateral	  prefrontal	  cortex	  and	  medial-­‐temporal	  regions	  had	  increased	  activation	  in	  encoding,	  but	  during	  retrieval	  the	  left	  superior	  parietal	  and	  dorsolateral	  and	  anterior	  prefrontal	  cortex	  were	  preferentially	  activated	  (Spaniol	  et	  al.,	  2009).	  However,	  another	  study	  implicated	  bilateral	  hippocampal	  activation	  in	  both	  episodic	  encoding	  and	  retrieval	  processes	  (Persson	  et	  al.,	  2011).	  Overall,	  variable	  activation	  patterns	  were	  found	  in	  the	  medial	  temporal	  lobe,	  prefrontal	  cortex,	  and	  parietal	  cortices	  among	  fMRI	  studies	  of	  episodic	  memory	  in	  healthy	  subjects.	  This	  variability	  was	  attributed	  to	  differences	  in	  the	  recruitment	  of	  different	  neural	  networks	  depending	  on	  the	  context	  of	  the	  embedded	  information	  (e.g.,	  spatial,	  visual,	  auditory,	  semantic,	  etc.)	  and	  methodological	  differences	  in	  the	  fMRI	  tasks	  (Gurr	  &	  Gurr,	  2010;	  Yancey	  &	  Phelps,	  2001).	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Despite	  not	  being	  able	  to	  identify	  specific	  neural	  networks	  associated	  with	  episodic	  memory,	  fMRI	  studies	  were	  able	  to	  differentiate	  brain	  activity	  patterns	  associated	  with	  schizophrenia	  from	  activity	  patterns	  associated	  with	  healthy	  subjects.	  Specifically,	  brain	  activation	  in	  the	  medial	  temporal	  lobe	  (MTL)	  and	  prefrontal	  cortex	  of	  schizophrenia	  (SZ)	  subjects	  were	  significantly	  different	  from	  functional	  changes	  observed	  in	  healthy	  control	  (HC)	  subjects	  (Gurr	  &	  Gurr,	  2010;	  Leavitt	  &	  Goldberg,	  2009;	  Ragland	  et	  al.,	  2015).	  However	  as	  discussed	  in	  two	  reviews,	  studies	  of	  episodic	  memory	  in	  schizophrenia	  still	  encountered	  issues	  of	  having	  variable	  activation	  patterns	  observed	  in	  SZ	  groups,	  which	  made	  it	  difficult	  to	  determine	  brain	  activity	  patterns	  that	  was	  characteristic	  of	  schizophrenia	  (Gurr	  &	  Gurr,	  2010;	  Leavitt	  &	  Goldberg,	  2009).	  However,	  Leavitt	  &	  Goldberg	  (2009)	  suggested	  there	  was	  a	  hypoconnectivity	  in	  neural	  networks	  associated	  with	  the	  MTL	  and	  PFC	  of	  SZ	  subjects	  compared	  to	  HC	  subjects.	  Brandt	  and	  others	  (2013)	  went	  further	  by	  posing	  that	  neural	  pathways	  were	  inhibited	  only	  for	  the	  encoding	  and	  retrieval	  of	  specific-­‐item	  or	  context-­‐embedded	  memories.	  One	  study	  investigated	  brain	  activation	  in	  SZ	  subjects	  using	  a	  relational	  and	  item-­‐specific	  task.	  Consistent	  with	  the	  latter	  theory,	  the	  results	  showed	  reduced	  dorsolateral	  PFC	  activation	  in	  relational	  encoding	  and	  reduced	  hippocampal	  activation	  in	  recognition	  of	  relational	  information	  when	  SZ	  subjects	  were	  compared	  to	  HC	  subjects.	  	  	  Episodic	  memory	  was	  shown	  to	  be	  a	  relatively	  stable	  cognitive	  function	  that	  was	  not	  susceptible	  to	  the	  deteriorative	  processes	  of	  aging	  in	  the	  brain	  until	  later	  in	  life.	  One	  review	  of	  five	  longitudinal	  studies,	  inferred	  from	  the	  results	  that	  episodic	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memory	  remained	  relatively	  stable	  until	  approximately	  60-­‐65	  years	  of	  age	  when	  controlled	  for	  differences	  in	  education	  levels	  (Nyberg	  et	  al.,	  2012).	  Additionally,	  Nyberg	  et	  al.	  (2012)	  demonstrated	  the	  importance	  of	  having	  longitudinal	  studies	  or	  examining	  test-­‐retest	  effects	  can	  demonstrate	  more	  resilient	  memory	  performances	  as	  a	  persons	  ages.	  Therefore,	  episodic	  memory	  is	  an	  appropriate	  cognitive	  function	  to	  examine	  for	  test-­‐retest	  effects.	  One	  study	  took	  the	  approach	  of	  examining	  the	  test-­‐retest	  reliability	  of	  task	  performance	  and	  brain	  activation	  related	  to	  working	  memory	  in	  normal	  subjects	  and	  subjects	  with	  schizophrenia	  (Manoach	  et	  al.,	  2001).	  This	  approach	  was	  unique	  in	  that	  the	  authors	  were	  looking	  for	  stable	  brain	  activation	  in	  repeated	  studies.	  It	  was	  important	  to	  determine	  if	  the	  brain	  activation	  associated	  with	  schizophrenia	  was	  stable	  over	  time	  as	  a	  potential	  tool	  to	  be	  used	  in	  clinical	  settings.	  The	  results	  showed	  that	  greater	  variability	  was	  observed	  across	  scanning	  sessions	  in	  subjects	  with	  schizophrenia	  compared	  to	  healthy	  subjects.	  Therefore,	  the	  authors	  were	  not	  able	  to	  reliable	  activation	  in	  the	  brain	  regions	  associated	  with	  working	  memory.	  However,	  they	  suggested	  that	  understanding	  the	  test-­‐retest	  reliability	  of	  brain	  activation	  associated	  with	  cognitive	  function	  was	  a	  much	  needed	  area	  to	  study	  in	  order	  to	  be	  used	  for	  future	  clinical	  research.	  Therefore,	  purpose	  of	  the	  current	  study	  is	  to	  better	  understand	  the	  test-­‐retest	  reliability	  of	  these	  brain	  activation	  patterns	  that	  were	  characteristic	  of	  schizophrenia.	  However,	  our	  study	  examines	  the	  brain	  activity	  associated	  with	  episodic	  memory	  and	  not	  working	  memory.	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Created	  by	  Persson	  and	  others	  (2011),	  the	  face-­‐name	  paired	  associates	  (FN-­‐PA)	  task	  was	  developed	  as	  an	  assessment	  of	  associative	  episodic	  memory	  to	  be	  used	  with	  fMRI.	  Originally,	  this	  task	  was	  developed	  with	  the	  intention	  of	  measuring	  hippocampus-­‐dependent	  activation	  in	  response	  to	  the	  encoding	  and	  retrieval	  of	  face-­‐name	  pairs.	  Additionally,	  this	  task	  contains	  an	  auditory-­‐visual	  and	  visual-­‐visual	  component	  to	  enhance	  the	  signal	  from	  the	  hippocampus.	  Preliminary	  results	  from	  Persson	  et	  al.,	  (2011)	  showed	  that	  HC	  subjects	  had	  increased	  bilateral	  hippocampal	  activation	  in	  encoding	  and	  retrieval	  conditions,	  but	  the	  hippocampus	  was	  more	  strongly	  activated	  in	  encoding.	  Additionally,	  the	  results	  showed	  activation	  in	  regions	  of	  the	  lateral	  PFC,	  anterior	  cingulate	  cortex,	  and	  other	  regions	  of	  the	  brain.	  The	  original	  and	  variations	  of	  the	  FN-­‐PA	  task	  has	  provided	  useful	  information	  about	  the	  pathological	  mechanisms	  associated	  with	  various	  neurological	  disorders,	  such	  as	  Alzheimer’s	  disease	  and	  depression	  (Persson	  et	  al.,	  2011;	  Smith	  et	  al.,	  2014).	  However,	  no	  studies	  were	  found,	  in	  which	  the	  FN-­‐PA	  task	  was	  used	  to	  examine	  brain	  activity	  in	  SZ	  subjects.	  	  For	  the	  present	  study,	  healthy	  volunteers	  and	  patients	  with	  Schizophrenia	  were	  subjected	  to	  two	  fMRI	  scanning	  sessions	  separated	  by	  a	  14-­‐day	  (±	  2	  days)	  interval.	  During	  each	  session,	  the	  subjects	  were	  presented	  with	  a	  mixture	  of	  auditory-­‐visual	  and	  visual-­‐visual	  stimuli	  in	  the	  face-­‐name	  paired-­‐associates	  (FN-­‐PA)	  fMRI	  task,	  an	  assessment	  for	  episodic	  memory.	  In	  normal	  subjects,	  the	  FN-­‐PA	  task	  has	  demonstrated	  activation	  primarily	  in	  the	  bilateral	  hippocampus	  (HC)	  and	  prefrontal	  cortex	  (PFC)	  (Persson	  et	  al.,	  2001).	  However,	  some	  studies	  have	  indicated	  activation	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in	  other	  regions	  of	  the	  brain,	  including	  the	  left	  inferior	  frontal	  gyrus	  (IFG),	  bilateral	  angular	  gyrus	  (AG),	  left	  superior	  temporal	  gyrus	  (STG),	  and	  left	  superior	  frontal	  gyrus	  (SFG)	  (Klamer	  et	  al.,	  2017).	  However,	  other	  fMRI	  tasks	  associated	  with	  episodic	  memory	  showed	  a	  reduced	  activation	  in	  the	  right	  hippocampus	  and	  left	  fusiform	  gyrus	  during	  encoding,	  and	  reduced	  activation	  in	  the	  posterior	  cingulate,	  precuneus,	  and	  left	  middle	  temporal	  cortex	  during	  the	  retrieval	  of	  information	  (Francis	  et	  al.,	  2016).	  The	  purpose	  of	  the	  present	  study	  was	  to	  determine	  if	  there	  was	  reliable	  brain	  activation	  patterns	  in	  the	  MTL	  and	  PFC,	  which	  could	  help	  in	  the	  characterization	  of	  episodic	  memory	  deficits	  associated	  with	  schizophrenia	  and	  healthy	  subjects.	  To	  our	  knowledge,	  no	  other	  studies	  have	  used	  the	  FN-­‐PA	  task	  to	  evaluate	  the	  test-­‐retest	  reliability	  of	  brain	  activation	  in	  healthy	  controls	  and	  patients	  with	  schizophrenia.	  	  Therefore,	  the	  primary	  objective	  was	  to	  determine	  the	  test-­‐retest	  reliability	  of	  brain	  activity	  associated	  with	  episodic	  memory	  within	  subjects	  across	  scanning	  session	  by	  using	  Pearson’s	  R	  correlation	  coefficients	  to	  examine	  a	  priori	  hippocampal	  regions.	  It	  was	  hypothesized	  that	  variable	  brain	  activation	  would	  be	  observed	  in	  the	  SZ	  group.	  Meanwhile,	  the	  healthy	  subjects	  would	  have	  reliable	  bilateral	  activation	  in	  the	  hippocampus	  across	  sessions.	  
The secondary objective was to examine activation patterns in the hippocampus and other 
brain regions between subjects during a single scanning session by using the ROI 
analysis and whole brain analysis. It was hypothesized that healthy controls would have 
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bilateral activation in hippocampus while the patients would have more lateralized 
activation in this brain region.
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METHODS 
 
Participants 
Thirty patients that self-reported having Schizophrenia (SZ) and 31 healthy 
controls (HC) were initially recruited for this study. Subjects included both males and 
females with ages ranging from 18 to 56 years of age (Table 1). Prior to the experiment, 
subjects signed informed consent 
forms for a protocol approved by 
Boston University’s Institutional 
Review Board. 
Patients with Schizophrenia 
were assessed and self-reported 
having Schizophrenia according to 
the DSM-IV criteria and self-
acclaimed to not have any comorbid 
neurological disorders, including DSM-IV Axis II diagnosis of mental retardation (APA, 
2000). All the subjects were interviewed, in person and over the phone, to make sure the 
subjects met all the inclusion and exclusion criteria before having their first scanning 
session (Table 2, see appendix). Additionally, all subjects were given a verbal and written 
synopsis of the study and had the opportunity to ask questions. The FN-PA task was part 
of a larger study, in which subjects were asked to complete multiple tasks over the course 
of two days (total of four days) and repeated once more after a 14-day (± 2 days) interval. 
These other tasks included a neuropsychological assessment, two other fMRI behavioral 
Table 1. Demographics table for the healthy control (HC) 
group and patients with schizophrenia (SZ) group. The 
above information includes demographics for all the 
subjects included in the ROI analysis and whole brain 
analysis. Demographic information was not calculated for 
the test-retest reliability analysis. 
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tasks (e.g., 2D spatial-back task and CAT task), and electroencephalogram (EEG). The 
fMRI analyzed in the present study took place during the second day and fourth day of 
assessments, and took approximately 30 minutes for each scanning session. 
 
Out of the 93 subjects that were initially interviewed, 30 patients with 
schizophrenia (SZ) and 31 healthy controls (HC) were considered for the data analysis, 
but only 24 SZ subjects (excluded, n=5) and 25 HC subjects (excluded, n=7) were 
evaluated in the data analysis. These 12 subjects were excluded as a result of having 
functional data that would interfere with the results (e.g., imaging artifacts and wrong 
orientation) or not having the ability to process the functional data (see Figure 1, for 
participant flow chart).  
Activation Task 
The face-name paired-associates (FN-PA) task was adapted from a previous study 
protocol outlined and tested by Persson et al. (2011). This fMRI task consisted of 20 
second blocks of encoding stimuli, retrieval stimuli, and control condition with the total 
scans time being less than 10 minutes for each subject. The presentation of blocks varied 
except encoding tasks preceded retrieval tasks interleaved with the control condition. The 
encoding and retrieval tasks were shown for 4 seconds with a fixed interstimulus interval 
of 1 second (Figure 2).  
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Figure 2. Schematic of the face-name paired-associates (FN-PA) task. The above image (figure A) is a 
representative sample of the timeline for the FN-PA task. Visual encoding (VE), baseline (B), Aurditory 
encoding (AE), and visual retrieval (VR) represent some of the block conditions presented to subject. Note 
that the block conditions were presented in an interleaved manner so that the face-name pairs the retrieval 
condition was not always presented right after it’s associated encoding condition. The time amounts (4s, 1s, 
5s) presented below each condition represents the length (in seconds) of each block condition. The below 
image (figure B) is a representation of the images presented during the encoding, baseline, and retrieval 
stages of the FN-PA task. Adapted from “Preserved Hippocampus Activation in Normal Aging as Revealed 
by fMRI,” by J. Persson, G. Kalpouzos, L. Nilsson, M. Ryberg, and L. Nyberg, 2011, Hippocampus, 21, 
pgs. 753-766. Copyright 2010 by Wiley-Liss Inc. 
 
For the encoding condition, subjects were shown a visual presentation of an 
unknown person’s face paired with a fictional name (visual-visual face-name pair), or a 
visual presentation of a person’s with an auditory presentation of a fictional name (visual-
auditory face-name pair). The visual presentation showed a face against a black 
background with the name presented on the right side of the person’s face. An equal 
number of female and male faces were presented for each scanning session. The subject 
was instructed to remember each face-name pair presented to them.  
For the retrieval condition, the subject was presented a similar visual task except 
the name was replaced with three letters of which one corresponded with the first letter of 
the name previously presented in the face-name pair.  The subject was then asked to 
choose which first letter corresponded with the face-name pair. If not sure, the subject 
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was asked to guess the answer. The choice was selected with different fingers. The index 
finger selects the top letter, the middle finger selects the middle letter, and the ring finger 
of the right hand selects the bottom letter using a MRI compatible response box. 
For the control condition, a visual presentation of a fixation cross was shown for 
1,500 – 2,500 milliseconds, and transformed into a circle for 500 milliseconds. In this 
task, the subject was asked to quickly indicate when the cross changed into a circle. The 
circle turned back into a cross for a second time for 2,000-3,000 milliseconds. The 
condition task lasts for a total of 5 seconds.  
Image Acquisition 
Scanning sessions took place in the 3.0 Tesla Phillips MRI scanner (located in the 
Center for Biomedical Imaging, Boston, MA). The blood oxygenation level dependence 
(BOLD) signal was attained using a 2D imaging acquisition with a T2*-weighted echo 
planar imaging sequence. Structural T1-weighted images, acquired by a 3D turbo field-
echo sequence, were used to overlay functional images over anatomical structures. Image 
parameters included the following: slice thickness (1.2 mm), repetition time (TR = 6.75 
ms), echo time (TE = 3.134 ms), flip angle (FA  = 9), matrix size (256 x 256), and field 
of view (FOV = 100).  
Data Analysis 
Functional images were uploaded from the main database and stored in OsiriX as 
DICOM files. Images were also checked for artifacts, orientation, and other issues. In 
preparation for the analysis, the images were converted from DICOM files to Nifti files 
using DCMIIgui (graphical user interface).  
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FMRIB’s Software Library (FSL, www.fmrib.ox.ac.uk/fsl), a free software tool 
that is widely used for fMRI studies. Several components of this software program were 
used for the preprocessing and analysis of the functional data. In preparation for 
registration and segmentation, the brains from the structural T1-weighted scans were 
extracted from the skull and other non-brain tissues that may interfere using the Brain 
Extraction Tool (BET). Both FSLeyes and MRIcrom were used to check the quality of 
the brain extraction. 
fMRI Expert Analysis Tool (FEAT, version 6.00) is a FSL software tool that was 
used for the preprocessing, first-level (single-subject) statistical analysis, and higher-level 
(group-level) statistical analysis (Worsley, 2001). Functional and structural data were 
realigned and normalized to the MNI152 T1-weighted 2.0-mm brain standard template. 
Interleaved slice timing correction parameters, motion correction parameters (using 
MCFLIRT), high pass filtering, and spatially smoothing using a 4.0-mm full-width half 
maximum guassian kernel were applied to the images.  A predetermined design matrix 
was used for the General Linear Model in the single-subject analysis to help explain the 
variance in a signal within a given voxel. A design matrix was created for all four 
experimental conditions (auditory-encoding, visual-encoding, auditory-retrieval, and 
visual-retrieval), and indicated when each stimulus was presented. FLAME 1 + 2 
(FMRIB’s Local Analysis of Mixed Effects) was used to model random-effects by 
measuring inter-session mixed-effects variance within a given voxel. This higher-level 
statistical analysis utilizes Metropolis-Hastings Markov Chain Monte Carlo (MH 
MCMC) sampling methods to generates a brain activation map that incorporates contrasts 
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of parameter estimates fitted to a general t-distribution, and variance effects calculated in 
the first-level analysis.  Statistical parametric maps were created based on the defined z-
threshold of ≥ 2.3 and cluster p-threshold of ≤ 0.05.   
Using FSL Feat Query, a whole brain analysis was conducted to examine possible 
neural network correlates or significantly activated brain regions through the entire brain. 
In this analysis, each experimental group (SZ patients and healthy controls) was 
evaluated separately to see if the group activation pattern was different from their 
baseline activation (fixation) and between scanning sessions (S1 > S2 and S2 > S1). 
After, the anatomical structures, in which significant clusters of brain activation were 
identified using the Harvard-Oxford Subcortical Structural Atlas was used as an 
anatomical reference. This was done using FSLview. Additionally, regions of interest 
(ROI) regions were analyzed in the a priori brain regions, including the right 
hippocampus and left hippocampus, using FSL Feat Query. The Harvard-Oxford 
Subcortical Structural Atlas was used as an anatomical reference when identifying brain 
structures for the ROI analysis. The right hippocampus and left hippocampus were 
separately analyzed. For the test-retest reliability analysis, Pearson’s R correlation 
coefficients were calculated in SPSS for Mac OSX. All p-values were two-tailed and was 
used with the sole purpose of calculating within subject effects across scanning sessions.  
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RESULTS 
 
Whole Brain Analysis 
Forty-nine subjects were evaluated for the whole brain analysis and ROI analysis. 
Meanwhile, 18 subjects were evaluated for the test-retest reliability analysis, as these 
were the only subjects that had fMRI data for both session one and session two (Figure 1, 
see appendix).  
In the whole brain analysis, the whole brain was analyzed for interactions among 
neural correlates between the first fMRI session (S1) and second fMRI session (S2), as 
well as to look at each group’s brain activity in response to the different stimuli compared 
to the group’s baseline activation (fixation). The results showed no significant changes in 
brain activation patterns between scanning sessions for either the healthy control (HC) 
group or schizophrenia (SZ) group. However, multiple clusters of significant voxels were 
identified in all the block conditions (auditory-encoding, auditory-retrieval, visual-
encoding, and visual-retrieval) for the HC group, indicating increased brain activation 
throughout the fMRI task (Table 3, see appendix). For the HC group, diffuse activation 
was observed in the right and left hemispheres in regions of the frontal lobe, the occipital 
lobe, and other regions of the brain, such as the caudate nucleus. Whereas in the SZ 
group, more variable activation was observed among the group for all block conditions. 
The auditory encoding condition did not elicit significant brain activation in any 
particular region of the brain. Whereas during the other block conditions, regions in the 
right hemisphere of the brain were activated. The right intracalcarine cortex was activated 
in all the conditions except during the auditory encoding stimulus. Meanwhile, the right 
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paracingulate cortex was activated during the retrieval conditions (auditory and visual). 
Additionally, the left putamen showed significant brain activation in response to the 
visual retrieval stimuli.  
A descriptive analysis of interactions between the healthy group and patients with 
schizophrenia showed two notable interactions between the two group variables. For the 
SZ group, hyperactivity in the right frontal pole was observed during the visual encoding 
condition when compared to the healthy controls. Additionally, hypoactivation in the 
right precuneous cortex was observed for the SZ group during the visual retrieval 
stimulus when compared to the HC group. 
ROI Analysis 
In the ROI analysis, the left and right hippocampal regions were further examined for 
each individual condition, including auditory encoding, auditory retrieval, verbal 
encoding, and verbal retrieval. For each experimental group, the overall brain activation 
for both scanning sessions were compared to their baseline activation (fixation). 
Contradictory to previous studies, bilateral hippocampal activation was not observed in 
the healthy subjects for any of the block conditions (Persson et al., 2011). Instead, 
significant activation was observed in the right thalamus for all conditions except for the 
visual retrieval condition. In the SZ group, activation in the ROI region was variable 
throughout all the conditions.  
An examination of ROI regions from scanning session one (S1) to scanning session 
two (S2) provided more insight into why bilateral hippocampal activation was not 
observed for the HC group in any of the conditions. Bilateral hippocampal activation was 
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observed during session one for the auditory encoding, auditory retrieval, and visual 
encoding conditions, but was not observed in session two (Table 4, see appendix). A 
comparison between S1 and S2 brain activity patterns in the SZ group revealed 
hippocampal activation lateralized to more to the right hemisphere and not the left 
hemisphere during the auditory conditions (Table 5, see appendix). However during the 
visual conditions, bilateral hippocampal activation was observed in S1, but this activity 
pattern was not observed in S2.  
Test-retest Reliability Analysis 
To examine within group interactions across sessions, Pearson’s R correlation was 
calculated for both the HC group (n = 11) and the SZ group (n = 7) in the right and left 
hippocampal ROI regions. The analysis showed that no significant effect was observed 
for either experimental group (Table 6-7). In other words, neither the HC group nor the 
SZ group had statistically significant associations (p < 0.05) in brain activity patterns 
observed in the first scanning session compared to the second scanning session. However, 
statistically insignificant moderate associations were observed in both experimental 
groups. For the SZ group, positive associations were shown in the left hippocampal 
regions in the auditory retrieval condition (r = 0.514, p = 0.238) and the visual encoding 
condition (r = 0.430, p = 0.336), as well as for the visual retrieval condition (r = 0.404, p 
= 0.369) in the right hippocampal region. As for the HC group, a statistically insignificant 
negative association was observed across scanning sessions in the left hippocampal ROI 
for the auditory retrieval condition (r = -0.540, p = 0.087). Likewise, a positive 
association was observed in the left hippocampal region for the auditory encoding 
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condition (r = 0.561, p = 0.072) and in the right hippocampal region for the visual 
encoding condition (r = 0.528, p = 0.095). 
	  
	  
Table 6. Schizophrenia (SZ) group (n = 7) within group comparisons across scanning sessions. No associations between the 
scanning sessions were found to be significant. Session one conditions are presented on the horizontal axis while the session two 
conditions are presented on the vertical axis. Auditory encoding left hippocampus (AE LH), auditory retrieval left hippocampus 
(AR LH), visual encoding left hippocampus (VE LH), visual retrieval left hippocampus (VR LH), auditory encoding right 
hippocampus (AE RH), auditory retrieval right hippocampus (AR RH), visual encoding right hippocampus (VE RH), and visual 
retrieval right hippocampus (VR RH). 	  
Table 7. Healthy control (HC) group (n = 11) within group comparisons across scanning sessions. Session one conditions are 
presented on the horizontal axis while the session two conditions are presented on the vertical axis. Auditory encoding left 
hippocampus (AE LH), auditory retrieval left hippocampus (AR LH), visual encoding left hippocampus (VE LH), visual retrieval 
left hippocampus (VR LH), auditory encoding right hippocampus (AE RH), auditory retrieval right hippocampus (AR RH), visual 
encoding right hippocampus (VE RH), and visual retrieval right hippocampus (VR RH). 	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DISCUSSION 
 
 The present study employed an auditory-visual, visual-visual associative memory 
fMRI task to examine brain activity patterns during encoding and retrieval conditions at 
two different time points. To our knowledge, no studies have investigated the test-retest 
reliability of brain activation over time in patients with schizophrenia using the face-
name paired-associates neurobehavioral probe.  
Test-Retest Reliability 
The primary purpose of this study was to examine the test-retest reliability of brain 
activity associated with episodic memory across two scanning sessions separated by a 14-
day (± 2 days) interval. The results of this study were unable to demonstrate reliable brain 
activation across scanning sessions using the FN-PA task for either the HC group or SZ 
group despite observing some moderate associations across sessions for certain block 
conditions and sides of the hippocampus ROI regions. This statistical insignificance may 
be attributed to sample size or variable activity patterns across sessions. Similarly, two 
previous studies involving patients with schizophrenia found variable brain activation 
associated with cognitive function when examined at two different time points (Manoach 
et al., 2001; Miller et al., 2002). As suggested by Manoach et al. (2001), this variability 
may be the result of intrinsic variability (e.g., motion and artifacts) that was characteristic 
of schizophrenia.  
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The healthy group did not produce reliable brain activity across the scanning sessions. 
In a previous study using the same fMRI task, strong bilateral activation in the 
hippocampus was observed within the session for healthy subjects (Persson et al., 2011). 
Therefore, it was hypothesized that bilateral activation in the hippocampus would be 
detected between sessions, which was not evident in the current results. This lack of 
consistency may have to deal with the issue of variability in the amplitude of the 
activation. This lack of consistency could be explained by one theory posed by 
Raemaekers et al. (2012), which was based on their study examining the general test-
retest reliability of fMRI measurements after an interval of one week. In this study, the 
authors indicated that the global changes in the amplitude of the activation was variable 
even though the individual’s brain activation patterns were consistent across scanning 
sessions. This variability could effect fMRI measurements of small brain structures, such 
as the hippocampus. The results of the present study are consistent with this theory. This 
would explain why different regions of the brain was activated between the two scanning 
sessions. Raemaekers et al. (2012) proposed that having a sufficient signal-to-noise ratio, 
and using intraclass correlation coefficients (ICCs) to calculate between-session 
variability would help reduce amplitude variability effects. Future studies may also 
consider using a reference region in a relatively large brain structure to further evaluate 
the consistency of between-session brain activity patterns. 
There are past studies that have also examined brain activation associated with 
episodic memory, but they used different fMRI tasks. One study that specifically 
examined visual encoding and retrieval found reliable brain activation between sessions 
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in brain regions associated with facial recognition, including the fusiform face area (FFA) 
and occipital face area (OFA) (Peelen & Downing, 2005). Therefore, there may be other 
regions of the brain that were more involved in episodic memory.  
Another explanation for the lack of reliable brain activation in both the healthy 
subjects and the patients is that individuals may use different cognitive strategies in 
episodic memory. Miller and others  (2002; 2007) have shown distinct brain activity 
patterns associated with episodic retrieval that varied at the subject level. In the current 
analysis, brain activity in the hippocampus may be variable due to differences at the 
individual level. One way to test this theory is by examining brain activity at the subject 
level and group level over a long period of time with more than two scanning sessions.  
Whole Brain Analysis and ROI Analysis  
The second purpose of this study was to examine brain activation within the sessions 
using a whole brain analysis and ROI analysis. In the healthy group, multiple brain 
regions were activated in whole brain analysis, but no significant activation was observed 
in predefined ROI regions in the hippocampus. These regions included the occipital and 
frontal lobes. This reflects a larger network of neural correlates utilized in the encoding, 
processing, and retrieval of information in episodic memory (Hayes et al., 2004; Manelis 
& Reder, 2012; Spaniol et al., 2009).  
The SZ group had activation in similar regions of the brain in the whole brain 
analysis, but with less significant clusters of voxels activated. This activity pattern may 
be either due to a lack of activated neural networks that are normally activated in the 
encoding and retrieval processes associated with episodic memories, or this pattern may 
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reflect variable activation patterns that are intrinsic to schizophrenia (e.g., motion and 
hypertension in blood vessels). This uncertainty could not be answered in the current 
study and should be further explored in future studies.   
Interestingly, the SZ group showed different activation patterns between the auditory 
and visual conditions for the ROI analysis. In a previous review, Gur & Gur (2010) posed 
that sensory integration deficits may compromise cognitive functioning in patients with 
schizophrenia. This was further supported by a comparison of two studies in which one 
study using just a visual stimulus produced normal activation whereas another study 
using a complex sensory stimulus (visual and auditory) resulted in abnormal activation 
for SZ patients. In particular, reduced activation was observed in regions of the brain 
associated with the dorsal visual processing pathway, including the prefrontal cortex, 
parietal lobe, and right thalamus. The present results indicated that the SZ group 
preferentially activated the right hippocampal regions during the complex sensory 
conditions (auditory and visual). However, activation in both hemispheres was observed 
for just visual stimuli, which was a similar activation pattern observed in the HC patients 
and in a previous study (Persson et al., 2011). Therefore, this may suggest that the 
downstream effects of sensory intergration deficits associated with schizophrenia may 
also alter hippocampal functions during episodic memory tasks. 
Limitations  
Although certain brain activation patterns were identified at during different fMRI 
conditions, there was no behavioral data to provide some insight as to why those regions 
of the brain were activated or why no significant activity was observed in those regions. 
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There was no information available able the number of correct responses and response 
time for any of the subjects. Previous studies have found significant interactions between 
the individual’s behavioral performance and brain activity. For instance, having 
comparisons between correct and incorrect responses in correlation with brain activity 
may help elucidate neural networks associated with successful and unsuccessful encoding 
and retrieval processes (Persson et al., 2011).  Another study in SZ subjects found that 
successful retrieval of episodic memories was associated with greater activation in the 
orbitofrontal, mesial temporal, inferior parietal, and superior frontal regions compared to 
the HC subjects (Ragland et al., 2004).  
Lack of significant results in the pearson’s correlation analysis may be attributed to 
the lack of subjects. For instance, correlation coefficients with moderate associations (0.4 
≤ r ≤ 0.6) were observed in the SZ group, but were not significant possibly due to a 
limited number of subjects (n = 7) that could be used for this analysis. Additionally, this 
study evaluated males and females together. In one study, bilateral hippocampus 
activation was different for males compared to females  (Exner et al., 2008). 
Nevertheless, the results showed brain activity patterns that were particular to each 
experimental group despite having limitations that inhibit the statistical power of these 
findings. 
This study was also limited by not being able to statistically compare brain activity 
patterns between the patient group and healthy controls. Having matched subjects would 
help to further explain whether the group differences observed in whole brain analysis 
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were due to pathological mechanisms associated with schizophrenia or confounding 
factors (e.g., age differences and medication). 
Nevertheless, this study provided important insights about the test-retest reliability of 
brain activation over a 14-day interval, as well as information about distinct brain 
activation patterns associated separately with the SZ group and HC group.  
Conclusion 
This study demonstrates the neurobiological implications of investigating the 
reliability of brain activity patterns in an auditory-visual episodic memory-related fMRI 
task to better understand the pathological mechanisms of schizophrenia. By separately 
analyzing the auditory-visual components and encoding-retrieval stimuli, clear 
distinctions in brain activity patterns were observed among the different fMRI conditions 
for the SZ subjects. Although it was not examined for statistical significance in the 
present study, there was also some evidence of variable hippocampus activity patterns 
across sessions observed in patients with schizophrenia, which was not seen for the 
healthy patients. In particular, a notable difference in hippocampal activation patterns for 
the SZ group between the auditory-visual and visual-visual conditions warrants more 
attention in the future. Therefore, future research should further elucidate the relationship 
of brain activation between healthy subjects and patients with schizophrenia through a 
study of matched subjects.  
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APPENDIX 
 
 
Table 2. Inclusion and exclusion criteria used to assess the healthy control (HC) group and patients with 
schizophrenia (SZ) group. Subjects were assessed during the interview, which was before the first fMRI 
scanning session. Note that all subjects self-reported neurological disorders and were not diagnosed by a 
professional at the study site. In addition, the subjects were assessed to determine if they had any 
ferromagnetic material that would interfere with the fMRI scanning machine. 
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Figure 1. Participant flow chart starting from initial enrollment of the subjects to the data analysis. In the 
initial eligibility assessment (n = 93), both healthy subjects and subjects with schizophrenia were 
interviewed. Based on this interview, there were 30 subjects that were excluded from the study before the 
first fMRI scanning session. For the whole brain analysis and ROI analysis, subjects were assessed to see if 
data is available for either session 1 and/or session 2. 
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Contrast	   Voxels	   Cluster	   x	   y	   z	  HC	  Group:	  Overall	  vs.	  Baseline	   	   	   	   	   	  	  	  	  	  	  Auditory	  Encoding	   521	   1	   -­‐2	   12	   50	  	  	  	  	  	  	   1043	   2	   -­‐10	   14	   0	  	   1580	   3	   12	   -­‐80	   4	  	  	  	  	  	  Auditory	  Retrieval	   483	   1	   -­‐2	   22	   50	  	   688	   2	   -­‐38	   26	   22	  	   2891	   3	   -­‐8	   16	   2	  	   9166	   4	   22	   -­‐72	   -­‐4	  	  	  	  	  	  Visual	  Encoding	   899	   1	   32	   -­‐2	   50	  	   2782	   2	   2	   24	   52	  	   12158	   3	   -­‐28	   26	   -­‐4	  	   21082	   4	   6	   -­‐74	   64	  	  	  	  	  	  Visual	  Retrieval	   483	   1	   -­‐22	   -­‐2	   48	  	   529	   2	   44	   18	   28	  	   1294	   3	   -­‐38	   24	   22	  	   1738	   4	   0	   20	   46	  	   9456	   5	   12	   16	   6	  	   17583	   6	   -­‐30	   -­‐78	   20	  SZ	  Group:	  Overall	  vs.	  Baseline	   	   	   	   	   	  	  	  	  	  	  Auditory	  Retrieval	   433	   1	   6	   10	   52	  	   2456	   2	   8	   -­‐70	   10	  	  	  	  	  	  Visual	  Encoding	   26577	   1	   12	   -­‐88	   8	  	  	  	  	  	  Visual	  Retrieval	   378	   1	   28	   4	   52	  	   672	   2	   6	   10	   52	  	   902	   3	   -­‐24	   6	   4	  	   4452	   4	   8	   -­‐78	   4	  
Table 3. Whole brain analysis results for healthy control (HC) groups and schizophrenia (SZ) group. The 
table shows only significant clusters of voxels found in the different conditions. Interactions between 
sessions were also evaluated, but no relationships were significant.  Overall brain activation takes into 
account brain activation during each condition from both scanning session 1 and scanning session 2 within 
each experimental group. Each condition was then compared to the baseline activation, which was taken 
from the fixation condition. 
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Contrasts	   Hs	   x	   y	   z	   Z	  HC:	  Overall	  vs.	  Baseline	  	  	  	  	  	  Auditory	  Encoding	  	  	  	  	  	  	  Auditory	  Retrieval	  	  	  	  	  	  	  	  Visual	  Encoding	  	  	  	  	  	  	  Visual	  Retrieval	  	  
	  R	  L	  R	  L	  R	  L	  R	  L	  
	  16	  -­‐18	  16	  -­‐20	  18	  -­‐20	  24	  -­‐24	  
	  -­‐32	  -­‐42	  -­‐32	  -­‐32	  -­‐32	  -­‐32	  -­‐26	  -­‐24	  
	  -­‐2	  -­‐2	  -­‐2	  -­‐4	  -­‐2	  -­‐6	  -­‐6	  -­‐8	  
	  1.031	  1.308	  1.32	  1.029	  1.534	  1.758	  0.8273	  0.9579	  HC:	  S1	  >	  S2	  	  	  	  	  Auditory	  Encoding	  	  	  	  	  	  	  Auditory	  Retrieval	  	  	  	  	  	  	  	  Visual	  Encoding	  	  	  	  	  	  	  Visual	  Retrieval	  	  
	  R	  L	  R	  L	  R	  L	  R	  L	  
	  26	  -­‐32	  30	  -­‐30	  28	  -­‐32	  16	  -­‐26	  
	  -­‐38	  -­‐34	  -­‐36	  -­‐36	  -­‐30	  -­‐34	  -­‐42	  -­‐36	  
	  -­‐6	  -­‐8	  -­‐6	  -­‐6	  -­‐12	  -­‐8	  -­‐2	  -­‐12	  
	  1.047	  1.308	  1.425	  1.258	  0.8903	  1.161	  0.5517	  1.242	  HC:	  S1	  <	  S2	  	  	  	  	  Auditory	  Encoding	  	  	  	  	  	  	  Auditory	  Retrieval	  	  	  	  	  	  	  	  Visual	  Encoding	  	  	  	  	  	  	  Visual	  Retrieval	  	  
	  R	  L	  R	  L	  R	  L	  R	  L	  
	  30	  -­‐14	  30	  -­‐8	  22	  -­‐24	  22	  -­‐18	  
	  -­‐24	  -­‐36	  -­‐22	  -­‐40	  -­‐22	  -­‐38	  -­‐24	  -­‐34	  
	  -­‐18	  4	  -­‐20	  6	  -­‐20	  0	  -­‐18	  -­‐2	  
	  0.4292	  0.4933	  0.123	  0.2315	  0.2703	  0.3001	  0.5905	  0.1511	  
Table 4. ROI analysis results for healthy control (HC) group. Reported z-scores and separately analyzed 
the right and left hippocampus (Hs) ROI regions based on the Harvard-Oxford Subcortical Structure Atlas 
as the anatomical reference. The MNI coordinates are presented under the x, y, and z columns. Z scores 
were calculated at a 95% confidence level and significance of p < 0.05. Using this method, none of the 
peak voxels in the hippocampus were found to be significant. Session one (S1) and session two (S2) 
comparisons showed reduced activation in the hippocampus in session two. 
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Contrasts	   Hs	   x	   y	   z	   Z	  SZ:	  Overall	  vs.	  Baseline	  	  	  	  	  	  Auditory	  Encoding	  	  	  	  	  	  	  Auditory	  Retrieval	  	  	  	  	  	  	  	  Visual	  Encoding	  	  	  	  	  	  	  Visual	  Retrieval	  	  
	  R	  L	  R	  L	  R	  L	  R	  L	  
	  16	  -­‐28	  18	  -­‐12	  12	  -­‐18	  26	  -­‐12	  
	  -­‐38	  -­‐28	  34	  -­‐42	  -­‐40	  -­‐34	  -­‐26	  -­‐42	  
	  -­‐2	  -­‐6	  2	  0	  0	  -­‐2	  -­‐6	  0	  
	  0.3925	  0.8748	  0.5938	  0.6444	  1.509	  2.014	  0.2489	  0.3277	  SZ:	  S1	  >	  S2	  	  	  	  	  Auditory	  Encoding	  	  	  	  	  	  	  Auditory	  Retrieval	  	  	  	  	  	  	  	  Visual	  Encoding	  	  	  	  	  	  	  Visual	  Retrieval	  	  
	  R	  L	  R	  L	  R	  L	  R	  L	  	  
	  14	  -­‐18	  32	  -­‐18	  34	  -­‐18	  30	  -­‐26	  
	  -­‐14	  -­‐30	  -­‐16	  -­‐14	  -­‐36	  -­‐22	  -­‐16	  -­‐24	  
	  -­‐18	  -­‐6	  -­‐18	  -­‐14	  -­‐6	  -­‐14	  -­‐18	  -­‐8	  
	  0.03993	  0.4626	  0.5638	  0.5829	  0.03503	  0	  0.08372	  0.03831	  	  SZ:	  S1	  <	  S2	  	  	  	  	  Auditory	  Encoding	  	  	  	  	  	  	  Auditory	  Retrieval	  	  	  	  	  	  	  	  Visual	  Encoding	  	  	  	  	  	  	  Visual	  Retrieval	  	  
	  R	  L	  R	  L	  R	  L	  R	  L	  
	  34	  -­‐36	  36	  -­‐16	  34	  -­‐28	  26	  -­‐34	  
	  -­‐16	  -­‐14	  -­‐20	  -­‐36	  -­‐18	  -­‐18	  -­‐40	  -­‐14	  
	  -­‐12	  -­‐20	  -­‐12	  4	  -­‐10	  -­‐18	  -­‐4	  -­‐20	  
	  1.252	  1.338	  0.4331	  1.213	  1.158	  1.748	  1.546	  1.552	  
Table 5. ROI analysis results for the schizophrenia (SZ) group. Reported z-scores and separately analyzed 
the right and left hippocampus (Hs) ROI region based on the Harvard-Oxford Subcortical Structure Atlas as 
the anatomical reference. The MNI coordinates are presented under the x, y, and z columns. Z scores were 
calculated at a 95% confidence level and representative of the standard deviations from the group means.  
Session one (S1) and session two (S2) comparisons in general showed increased activation in the 
hippocampus in session two. 
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